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Soviet Editor's Note

The US periodical, Review of Scientific Instruments, Vol ¥XI, No 1, Janu-
ary 1950, p 77; contained an article "Phe Principle and Design of a Universal
Generator of Functions With Potentiometers” vy A. Korn. In this article, Korn
presented a "new" type of functional device with potentiometers, which was .‘
actually proposed and developed in the USSR by F. V. Mayorov in 1946, In 1947, i
Mayorov reported on his invention in the Department of Technical Sciences of :
the Acedemy of Scilences USSR, and the report was published in Izvestiya Otdeleniye
Tekhnicheskikh Nauk, Akademii Nauk SSSR, No 11, 1947. Mayorov's invention cov-
ered not only functional devices For one independent variable, but also devices
for electrical representation of two aud three independent variables not cov-
ered in the article published in the Review of Scientific Instruments. Thus,

Xorn's article is not original and repeats work done in the USSR 4 years ago.
Mayorov's article, in which he describes his invention, follows.

Need for Electrical Representation in Regulation

The electrical representation of some given function in the form of an elec-
tric voltage is frequently required in instruments for automatic regulation and '
also in electric computers. For example, in artill'ery'fire-control'1nstruments N ’
one must deal with ballistic functions describing the motion of the shell. The
control of mechanisms according to any given law also requires that a functional
dependency be introduced into the regulating device. There are the so-called
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Punctional potentiometers, with which e representation of functions of one in-
dependent variable cap be obtained. However, such potentiometers are useful
only for the representation of any one function of one independent variable and
morecver for a limited class 5 these. The production of the potentiometers
with shaped mandrels used up to this time is expensive and their accuracy is
none too high. In 1946, the author proposed and developed & new method for i
represertation of functions using electrical profiling (curve-fitting) of a
potentiometer by means of forced distribution of electric voltage along the
potentiometer according to a given law (Certificate of Authorship No 72856
awarded on 19 April 1947). This method of electrical representation of func-
tions covers a broad class of both monotonically and nonmonotonically varying

functions and sign-variable functions.

A very importcnt characteristic of the new method is that the law govern-
ing the change of voltage can be set and changed arbitrarily for the same poten-
tiometer, which is especially important for integrating units, for example,
where the integrand is established according to any required lew. Moreover,
the new method is useful not only for the representation of functions of one
variable but also for functions of several independent varisbles. In addition,
this method provides much higher accuracy in the operation of the device, i.e.,
of the order of hundreths of a percent. The substance of the new method is
that the resistance of a linear potentiometer is divided into & number of sec-
tions which are shunted by auxiliary resistors with the purpose of forced dis-
tribution of voltage according to & given law. The value and number of the
resistors are determined by the given law of voltage varjiation and the accuracy

required.

A potentiometer circuit with shunting resistors is shown in Figure 1. The
voltage taken off between point 1 (the beginning) and the sliding contact of
the potentiometer changes according to the law

U=Uyf(x), (1)

where £{x) is the given function; x 1s the relative displacement of the slid-

ing contact of the potentiometer (proportional to the independent variable);

and Uo is the voltage applied to the potentiometer. Here the linear potentio-
meter with a continuous winding along its length is divided into a number of
sections, the resistances of which we designate 8], 85,.04¢5 8pe These sec-

tions are shunted by the resistances by, boye.ey Ppe In asddition, the additional
resistances rp and rp,) are connected in series with the potentiometer to set

on the potentiometer the values of the resistances corresponding to the initial
and £inal values of the function. With the help of the shunting resistances bl,
b2,004s Pps the voltage distribution along the length of the linear potentiometer

3 with the given functional lav. Actually, the resistance

is varied to correspon
of any kxtb section of the functional potentiometer together with the shunting

resistaunce is

Tk = 2k bk
T Tk (2)
The resistance of the functional potentiometer from the beginning (point 1)
to the end of the k! section is .
' rs = A
- % Gk .
R =V +2 —=5— (3)

hap e tEK
The vcltages distributed along the length of the potentiometer are propor-
tional to the resistances

Y

k. R ,

U R, ()

where Ry 1s the total resistance of the entire functional potentiometer together

with the additional and shunting resistences, i.e., . .
N

Ra=ro+rﬂ+/+ﬁ /77‘
n+7

(5)

bt

o s i

m

s R [P

o CIA RDPa ooatan et T o s




‘ ~ g N | - ‘ A . . . ‘. . _' ' B ‘
Sanitized Copy Approved for Release 2011/08/25 : CIA-RDP80-00809A000600400644-2
r =

50X1-HUM

If the voltage distribution along the length of the potentiometer must be
defined by formula (1), it is obvious that the values of the resistances rg, Iy,

rp,.. 5 oo Tpel must be:
o = /Pdf[xd))
1, = RLF(x,)=F (5,0,
b= R LF () =F (=17, (6)
Lry= /eo "’7C(X/7) ’Qa;

where Xg, ¥1,..-s X &re the relative values of the quantity x at the points
vwhere the sections are shunted. Here we assume that the resistance Ro corre
sponds t0 some maximum value of the function f(x), which ve take as unity, so
that f(xpey)=1. Therefore, in the calculation of the resistances ro, ry, Ip,
... according to formula (6), we must substitute therein the relative values

of the function £{x).

By determining from formule (6) the values of the resistances rg, ry,.--,
ry of the functional potentiometer and substituting them in (2), we obtain the
values of shunting resistances bl, bp,.c- required in crder that the voltage
will vary along the length of the potentiometer according to the given func-
tional law. The potentiometer is divided into a number of sectioms such that
the dependency £(x) will be linear withion one section with the required degree
of accuracy. Thus, the number of sections and the shunting points on the
potentiometer can be determined by & linear approximation of the curve £(x) vy
straight-line segments. This will glve the required degree of accuracy.

For any intermediate point x lying hetween two shunting points xy and X,
the voltage taken from the potentlometer will have some relative error because
the resistance of the potentiometer section a) is a linear voltage divider in
the interval between x; and xo. Consequently, the curve of the function y==
£(x) has & linear approximation in this interval (Figure 2).

The relative error of the linear approximation can he determined directly
from consideration of Figure 2, namely:
5= A .y — Lﬁ _ C/é -4, X —Xo ,
Oo 77 & e
where Uy is tke voltege applied to the potentiometer and Uj and Up are the po-

tentiometer voltages corresponding to the shunting points at distances X) and
x2 from the begirning of the potentiometer (in relative units).

(7

Thus, the voltage U taken from the potentiometer will vary continuously
and smoothly according to the given functiorel law with a certain error &

(the approximation error).

Potentiometers for Nonmonotonically Varying and Sign-Variable Functions

Voltages may also be distributed along the length of a potentiometer ac-
cording to a given law by connecting mdditional resistances b1, b2,..., bp be-
tween the supply source terminals and the shunting points X, Xj,e.., Xp of the
linear potentiometer (Figure 3)., The sections are shunted from both terminals
of the supply source, so that the additional resistances by, D2,..., by may be
considered as shunting resistances in the closed circuit of the supply source.
By vary!.g the value of these additional resistances, we can arbitrarily change
the voltage distribution alcng the length of the potentiometer.
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Figure ha shows the representation of the nommonotonically varying function
given in Figure ub. The voluages proportiomal to the ordinates by, bpy, Pozs and
br3 are given by the corresponding additional resistences while the shunting resist-
ances . by, bp, and by serve fui electricel profiling {curve-fitting) of the linear
potentiometer in the interval betwaen bo and by, then by and bgo, etc. If we
are given a sign-varisble functicn (Figure 5), the middle sections of the potentlo-
meter sre conpected together as equipotantial and at these polnts the voltage
taken from the potentiometer is zero, since the peint O serves as the beginning
of the readiung. The additicnal resistances bo, by, and b2 are used to obtain the
required voltages at the points where they are connected..

The value of the adiitional resistance for auy section of the potentiometer

can be determined from the formula-
b, = s
~ Uers =k e =l -y ’

Coje 47 g (8)
where Uy, Ug.1, and Ugyy are the voltages corresponding to the points Xy, Xp_1,
and xk4+] where the additional resistances are counnected and ay and ay,) are the
resistances of the sections of the linear potentiometer between the points xx_3,
xk and Xy, X4 If by turns cut to be negative when calculated, it means that
an edditional résistence should be connected to the other terminal (mious) of

the supply source.

Representation of Functions of Two Variables {(Electris Conoid)

Many functions with which we must deal in computers cannot be expressed
analytically and ere glven in the form of experimental tables or graphs, for
example, ballistic functions. Up to this time, mechanical devices, the so-called
conoids, have been used for representation of functions of two variables, since
there have been no electrical methods of representing functions of two variables

in the form of continuously varying voltages.

The author has proposed a method of representing functions in the form of
an electric voltege using & functional potentiometer with varieble shunting
resistances. In thic method, the principle of approximation of the givem func-

tion by straight-line segments is used,

Suppose we are given a function U of two independent variables x and y.

We represent this function (Figure 6) in the form of an electric voltage U
taken from & linear potenticmeter Px, the sliding contact of which is displaced
in proportion to the value of the independent varisble x. The sections of' the
linear potentiometer Py are shunted by variable functicnsal resistances by, by,
eovy bpo The sliding contacts of these resistances rotate on & common shaft,
the angle of deflection of which is proportional to the variable y. Two addi-
tional functional resistances ro and rpel, the sliding contacts of which also
rotate on the y shaft, are conpected in series with the potentiometer Px. They
are used to set the initial and final values of the function.

To determine the shunting points Xo, X1, ¥2,.<:» Xp, W€ make a number of
¢ graphs of the function U for some given valuessyo, Y35 ¥2seves ¥p which cover
the range from y ==Yy, to y =y, i.e., graphs of fhe Functions

(% ), =F (X, 9,75
(UX)/ =/[ (X,y,),

R
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Then we mpproximate each curve of (9) by straight-line segments in a manner
that their approximation error does not exceed the assigned value. In approx-
imating these curves, we seiect those values of the shunting points x,, Xj,c00,

- Xy which eatisfy the acsigned accuracy of approximation for all curves of (9).

From the conditions of the problem, the additional resistance r, when toe
s1iding contact of the potentiometer Py 1. at point x5 must be (for any value

of y):
p="F (%2 9/ Ry, (10)

where R, 1s the total given resistance of the functional potentiometer.

When the sliding contact of Py is at the POLNtE ¥y, ¥2y...y Xpy the resist-
auces Iy, Ipy...» Ip mist be:

=R AFOx, ) Flx,, g0 s
lo= Ry [ (gngs = (%0877

= RLF Ox ) F Do 9.7 ()
ar -

brpy =Ry~ £ (39 Ko -
Since we know the resistances ry, ry, Tg, ..., Iy from formula (2), we can

determine the value of the shunting regiisances For values of x between X, and
x1, %y and Xp, Xp and X3, €tc ., the values of the function U==f(x,y} will be
determined with a certa%n error, which will depend op the nuuber of sections (the

approximation error)

Representation of Functions of Three Iudependent Variables

.

The function
U=ffxdoz) (12)

of three independent variables x, ¥, and 2 cannot be represented by means of a .

mechanical conoid, since the concid is A surface in a three-dimensional space. ‘ 3

However, we can suggest an electrical method for representing the function (12)

in the form of a voltage U dep-ndent on three varianles.

We take the potentiometer Fy (Figure 7), the sliding contact of which is
displaced proportional to x, We assume that the additional and shunting resist-
ances ' ry, by, Doy ey bos Tnel of this potentiometer represent some functions
of the two remaining variables y and z. We select the shunting points X5, X1,

Xpy oo, Xy Of the potentiometer Py in such a way that the error in the determina-
tion of U= f(x,y,2), vhere ¥ and $ are some discrete values of the parameters

y and z, does not exceed the assigned value &. As we did in the case of a func-
tion of two variablss, we made & number of graphs of the function U of the variable
x Por verious discrete values y and % which cover the entire range of variation

of the parsmeters y and z 1.e., the curves
U= £(x,¥,%Z). (13)

§ On the graphs of the curves {13), we select those values Of Xgy Xysocos

[ x,, between which the sections of the curves (13) can be approximated Dy straight
iines with a sufficient degree of accuracy. We now determine the values of the
registances for the separate gsections of the functional potentiometer which will

i reproduce the function {12).
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Obviously, for x=x,, the additional resistance r, should be:
ro= Bof(%q,y,2) (14)

for any values assigned to y and z.

In the same way, the resistances Ty, Yprioey Tp of the functional poten-

tiometer must be:
s = /{)0 Z}&’/ :f/.;)-—/‘(‘xg} y’z)_])
'{}':‘ /.\)0, Z:f’/;l-l.’_c/_' 2- /\."'/.:/)',’ o> Z.)_]’.

g = RLF (s s 2) =F(xpys S+ 2).] (15)
oy :/@“/ﬁi /’C (’X//, 7)2/,'

v

ard

where R 1s the total resistance of the functiomal potentiometer, which remains

constant .

The functional resistances rg, by, bo, ..., Py 8nd rpy) are functions only
of the two variables y and z and can be represented in “he form of an "electrical
conoid." In the circuit shown in Figure 7, the values of the resistances r_,
Bpseees By, Tpyl 8€ jeveloped (with the help of tracking systerm consisting of
servomotors SD, SD2, etc. and electronic null amplifiers EU,, EUs, etc) propor-
tional to the values of the volrages taken from the functional potentiometers

, P +1° which are the electrical representation of the functions

[) two‘ﬁarigglesy§ and z. For this purpose, the sliding contacts of the linear
potentiometers PyQ, Py1,~U“, Pyn) Pvn+ﬂ are displaced through the shaft of the
variable v, while the sliding contatis of all the shunting resistances Rzi, Ryo,
Rg3, ete., are displaced through the shaft of the variable z. Thus, we obtain
a variation of the resistances r, b, be,un“. bn, T,y 88 & function of y and
2. The number of sections of the potentiometer Py and of potentiometers Py,
Py1seven Pyn) Pyn+1 depends on the form of the given function and the accu¥acy
required ih its representation. Ordiparily, in practice it is sufficient to
have five or six sections in each potentiometer, which provides comparatively
high accuracy. The approximation errors of both potentiometer Py and potentio-
meters PyOr Pyl’”“" bvasically determane the error of such & levice as a whole.

Y

Pyos Pvl’ P

The devices described make 1t pessible to represent a very broad class of
functions having tabular, graphicsl, or analytical expressions. The restric-
tions on the class of functions which can be represented by these methods are
imposed basically by the physical promerties of the elements (potentiometers

and functional resistances).
i

Design of Functional Devices

The device developed by the author for obtaining eny functional dependencies
consists of a linear potentiometer, the sections of which are shunted by variable
resistance boxes. The potentiometer (Figure 8) consists of a closed aluminum
ring 1 with a diameter of 130-150 mm covered with insulating varnish on which 1is
woupd (with the help of a special winding machine) about 8,000 turns of thin
enameled constantan wire 0.05 mm in diameter. After it is wound, the rir z is
pressed into a textolite housing. The enamel is removed from the face surface
of the ring and ' .e sliding contact 2 of the potentiometer moves along the con-

tact br.d thus Formed

The sliding contact is displaced ilong the circumference of the ring on
the shaft 4 with the help of a Vernier worm mechanism 5. A rough scale is in-
stalled on the sheft 4 and a fine-reading worm scale on the shaft 6, so that the
total number of s.ale divisions 18 10,000. The brushes 1-18 (with silver con-
tacts) are installed rigidly sloug the edges of the c..uact bed of the potentio-
meter, Thesg are used to comnect the shunting resisteices to the potentiometer

-6 -
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sections. They touch the potentiometer turns and divide it into 40 sections
(only 18 of these are shown in Figure 8). The brushes are installed along the
edge of the contact bed so that the gliding contact of the potentiometer can
move freely along the contact surface.

Decade boxes connected to the brushes 1-18 with a multistrand cable were
used as shunting resistances. The number of shunting resistances required is
determined by the accuracy required of the functional device. For this purpose,
a linear approximation of the given function is wade and the nuwber of sections
required is determined. The values of the shunting resistances found from cal-
culation are set up with the resistance toxes. This calculation is not diffi-
cult and can be made in 15 or 20 minutes. Tgbles of the values of shunting re-
sistances can be drawn up beforehand for well-known functions.

For the most frequently used analytical or tabular functions, speclal sets
of resistance coils are used instead of resistance boxes. These are connected
to the potentiometer brushes by means of pluggable counectors, Tests of an
experimental potentiometer, made by the auther according to the "sine" law,
showed that with 3L taps on the potentiometer, the maximum error for sin x was
0.01-0.03 %, i.e., the values of the function were obtained in the form of an
electric voltage with an accuracy of four places. This potentiometer had &
resistance of about 25,000 L1 {without the shunting resistances)., Its resist-
ances with the shunting resistances was 10,000 £l . This potentiometer was
used by the author to introduce integrands into an integrating device.

The author has also developed potentiometers with controlled wire spacing
and shunting resistances for computers where the functional law of voltage dis-
tribution does not have to change. These potentiometers are machine -wound
linearly with a variable instead of a constant spacing, 1.e., the density of
the potentiometer turns varies according to u given design. The type of spac-
ing is established in the machine by a shaped eccentric. The use of nonlinear
winding permits us to reduce considerably the number of potentiometer sections
with shunting resistances. Figure 9 shows a diagram of a circular sine poten-
tiometer made from O to 360°, which has only two shunting resistances (for the
values x = 70 and x= 830) from O to 90°. The winding from 0 to 700 is made
according to the sine law (as is that from 70 to 83°).

ular sine potentiometer with a ring dlameter of 80 mm
and a resistance of the entire ring of 12,6721 showed that its accuracy was
0.2-0.3p if the potentiometer taps were set fairly accurately. The method of
shunting resistances proposed has been used. extensively by the author for cor-
recting production tolerances in linear potentiometers. Because of production
conditions, .he meximum possible accuracy in potentiometer production is 0.2-
0.3%. Shunting resistances enable us to increase this to 0.02-0.03%.

Testing of the circ

Correction of a loaded potentiometer with the help of shunting resistances
is also pcesible in potentiometric computir ; circuits. The loaded potentiometer
is electrically profiled according to the required functional law in dependence

on the velue of the load resistance.

/Appended figures follow/
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Figure 1. A Potentiometer With Shunting
Resistances
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Figure 2, Determination of the
Approximation Error
for y= const
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Figure 3. A PoterMometer With an Additional
) Resistance
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Figure 4. Representation of s Nonmonotonic-
ally Varying Function

10 V-f(x) 92

b
t ’ OIAI z
Figure 5. Representation of & Sign-
Variaple Function

Figure 6. Representation of a Function of
Two Variables
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U= f (1.42)

> > '
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Figure 7. Representation of a Function of Three Variables
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Figure 8. Potentiorﬁeter Construc- Figure 9. A Sine Potentiometer With
tion . Two Nonlinear Winding and
Shunting Resistances
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